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Outline

« Data and pileup

* Higgs

« Jets, vector bosons and top
* Searches

* (Heavy ions not covered)
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Total weight 14000t C M S
Overall diameter 15m ECAL 6k scintillating —

PbWO, crystals a V.8 kB
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Pixel
Tracker Pixels & Tracker

« Pixels (100x150 um2)
ECAL ~1m2 ~66M ch
HCAL *Si Strips (80-180 um)

~200 m2 ~9.6M ch
Muons MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and ,
480 Resistive Plate Chambers (RPC) 8
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Data taking in 2011-12

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV
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Pileup in 2012

CMS Peak Luminosity Per Day, pp
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CMS preliminary 2012

Lepton, jets, MET & pile
_
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Muons & electrons
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EXOTICA searches (7):

EXO-12-026 — Heavy Stable Charged Particles

EXO-12-027/031 —Large extra dimensions in
dileptons

EXO-12-059 - Dijet resonances
EXO-12-060 - W'(lv)
EXO-12-061-Z'(ll)

EXO-12-048 — Dark Matter, Extra Dims with
monojets

Beyond the 2nd Generation Searches (3):

B2G-12-012 — T3 top-quark partners
B2G-12-010 - W'(tb)
B2G-12-014 - t*

SUSY searches (3):

SUS-12-024 - In b-jets+MET
SUS-13-007 - In single-lepton + b-jets
SUS-13-003 - RPV SUSY in trileptons

HIGGS studies (7):

HIG-12-053 - VH(TT)
HIG-13-002 - H(ZZ -> 4l)
HIG-13-003 - HWW -> 2|+MET)
HIG-13-004 - H(tT)

HIG-13-006 - H(Zy)

HIG-13-009 - WH(WW)
HIG-13-001 - H(yy) - Twiki public

IST 2013, CMS physics highlights, J. Va

TOP Physics (9):

TOP-12-015 - W helicity in ttbar dileptons
TOP-12-020 - W helicity in single-top events
TOP-12-025 - LHC combination on W helicities
TOP-12-027 - tt xsec at 8 TeV with I+jets
TOP-12-028 - tt xsec at 8 TeV with dileptons

TOP-12-029 - Top mass dependence on event
kinematics

TOP-12-035 - Measurement of B(t -> Wb)/B(t -> Wq)
ratio

TOP-12-038 - t/tbar ratio in single-top production
TOP-12-031 - Measurement of t - tbar mass difference

Standard Model Physics (9):

EWK-11-015 - Angular correlations Z+b-jets — update
QCD-11-005 - Direct photon production
SMP-12-004 - Z/y + jet angular distributions
SMP-12-005 - WW xsec 8 TeV, limits anomalous
couplings

SMP-12-019 - Jet substructure studies-paper
submitted

SMP-12-020 - Zy xsec, limits anomalous couplings
SMP-12-025 - p; distribution of the Z bosons at 8 TeV
SMP-12-002 - Measurement of W+charm
SMP-12-026 - Measurement of W+bb

FORWARD and Soft QCD Physics (1):

FSQ-12-010 - Exclusive WW, limits on WWyy
couplings

htlr‘ps //twiki.cern.ch/twiki/bin/view/CMSPublic PhysicsResults



M,y = 80.390 + 0.016 GeV,

Much of the SM Higgs
range had been ruled out

Sil
Situation one year ago ===l
80.5 March 2012
O[T rrrrrrrrrrrrprrrrpr e e e e
: (O LEPEWWG (2011) 68% CL (excluding MW, mlop & direct Higgs exclusion) :
. — @ 68% CL (by area) MW (2012), LU 6@ ]
Very precise measurement of . o .
80.45 — AN —
: . \: \\6/_6\‘?‘ :
driven mainly by the Tevatron. < \ i
© 8041 —
S i .
= B N
= 80351 £
80.3 : o -

by 2011 LHC running.

Excess of events in the
low mass region seen in
ATLAS and CMS

IST 2013, CMS physics highlights, J. Varela

My, (GEV)

Exclusions of M,;:

- LEP <114 GeV (arXiv:0602042v1)

— Tevatron [156,177] GeV ( arXiv:1107.5518)

- LHC [~127, 600] GeV arXiv:1202.1408 (ATLAS)
arXiv:1202.1488 (CMS)

160 165 170 175 180 185 190 195



‘Compact Muon Solenoid
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Higgs boson decays

5 decay modes exploited:

Exp Sig oy/M g
@125.7 GeV §

* bb 220 10% &,
@

* TT 2.60 10%
- WW 530 20%
o« 77 710 1-2%
Y 3.90 1-2%

* and searches in Zy

IST 2013, CMS physics highlights, J. Varela
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Higgs production

. 102 E T T
'§_ - Vs =14TeV H
c L
he
G ™ NG e
 ..L 0 T~
9 10
° F Gluon fusion
W) -
TE
10" 1o 10°
m,, [GeV]
Dawson, Jackson, Reina, Wackeroth Vector Boson fusion

= Gluon fusion is dominant in the entire m, mass range

= Vector boson fusion is the next most important
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Events

Data/X Bckg

— 1 |
H—ZZ—2I2v Sigi
L 1 P
” &jmzz TN SM-like heavy Higgs boson search, mass > 200 GeV.
N e s «  Two leptons (e, w) from one Z and large missing energy (2v)
R oz « Mass not reconstructed.
1: « Shape analysis based on missing ET and transverse mass
o Re-interpretation of results as a search for an
Py, electroweak singlet scalar mixing with the Higgs 125 GeV.
o 0 0 oo 0 oi® o Upper limits at 95% CL on the cross section as function of
et RY T mass (gg and VBF production)

CMS preliminary, Vs=7 TeV [ L= 5.0fb™, /s=8 TeV | L= 19.6fb™ CMS preliminary, Vs=8 TEV,J L= 19.6fb"

< L L L L § 10” r Theory Observed @95% CL
2 — teary — I T, T C (C') scale factor of
oo Excluded - —remecses &b Sor g the couplings of the low
n [ 248-930 GeV  epecteazzs A W 004 —cC-0s (high) mass state with
3. : —e— observed : ":ll | ’ I’eSpeCt tO the SM
i i T
F VBF
i z |
m 10F Assume that the boson
7 X =
1F 0 r [ does not decay to new
- 1 &l particles.
i ] o
-1 (- [ TR A N TR R B N R B ‘ L \\ ‘ R \ Lo L
10" 200 400 600 800 1000 1550 400 500 500 1000 HIG-13-014
Higgs boson mass [GeV] Higgs boson mass [GeV]
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N %

CMS Experiment at the LHC, CERN :
Data recorded: 2012-May-27 23:35:47.271830 GMT
Run/Event: 195099 / 137440354 '

’

IST 2013,/CMS physics highlights, J. Varela

/ |
Results from H—ZZ—

HIG-13-002
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Four lepton mass resolution

OMS Simufaton cw:s Simulatlion | ‘ | ‘ | CMS Preliminary {s=7TeV,L=5.11fb" {s=8TeV,L=19.6fb"
— L N LTTT T 1T T 1T T TTT T TT T 1T FrTTTT] > L
21900 — - 400 - -4 p 70
81200— 4, m, 126 GeV C Sy 2.7GeV de,m =126GeV ] D i
8 L oy,=126GeY 350) RMSg; =38 GeV 1V gof Mp=91.17+023-022GeV ||
:1000__ RMSCﬁ. =17GeV 300:— Gd(‘B =2.0GeV } E 2 r FZ =2.86+0.51-0.47 GeV
" - C = -
£ soul , 2505 RMS,; = 3.0 GeV : 15 50 4 D
w B © Simulation E _L_ Simulation (E -pcomb.) B L vt
i ] E + wP E 40 - |:| Y
600 Parametric Model 200 C + Simulation (E, _-p comb.) — - . Z+X
i r ] 30
- 150 .
400 g ] 4 leptons
B 100 4 20F
ool AU 0= 1.2 GeV : ] :
i R son.  4e: o= 2.0 GeV N 3
0 L ,:";";:':v;;;ifgif‘—'-"-i-'-?-"‘:"‘7““";:".’ “\‘:-“:-"3-175; Lottt OM 1 | L1 ‘ [ |M E L -ﬁ .
110 115 120 125 130 135 14 110 115 120 125 130 135 140 ( R =
m, (GeV) 50 60 70 80 90 100 110

my; (GeV) m,, (GeV)

4 lepton mass resolution = 1 - 2% with uncertainty: 20%

Validated in situ with Z(41)
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Background modeling

» Background models: Event selection:
— irreducible ZZ™)

- Estimated using simulation requires the highest possible
. . efficiencies (lepton Reco/ID/
» Corrected for data/simulation scale . (lep
|solation).
— reducible Z+jets, ttbar, WZ CMS Simulation, Vs = 8 TeV

. =.’°0-15"'|"'|"'|'"|"'JE

» Estimated from control samples & 009t H - ZZ* - 4y E

0.085- __:.-fg_lpT m, = 126 GeV =

0.07;— i l Before analysis selection—i

0.06;— After analysis selection —i

D L L N T 800 2T e SRR IR, 0.05E i E

L «  Simulation (GG2Z2) O 700F 2P42F Reglon (PFC) é 0 045_ 1 E

r g9 > ZZ - 2e2 =] sooE- [ lzz,zy E R pT ]

15 — Shape Model, 22 E % 500%_ %:’i"z _g 0_035_5-. L _;

of gg>ZZ> 4l S e . 0.025 E

E ] Landau fit —; 0_01%— . ., —;

°F E control sample - 055 40 R R—T

L T ‘ J E p. [GeV]
0 200 400 600 900 150 200 250 300 350 400 450 500 550 600
m,, [GeV] m,, [GeV]
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A beautiful peak
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CMS preliminary

%J I || | I | || 1 1 | || 1 | ]
O 30 * Data 's=7TeV:L= 51fb' —
o : [] my=126 GeV s=8TeV:L=19.6fb"'
—~ i [ ] Zy*, ZZ |
2 1 B z+X ]
c

o - i
20 ] _

=y
<

OI L i u Lyl

100 200 400 800
m,, [GeV]
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Four lepton mass spectrum
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CMS preliminary

% I LI T T T T T T 1 -
" O 30F * Data (5=7TeV:L= 51f" —

o p | LI m=126GeV (s=8TeV:L=196 1"

~ [ Zy*, 2Z

v B Z+X

g o

g _ -

|.|J 2() -‘ -
Offline selection
cuts: i ?
5(7)GeVforu(e) 4ol IJ ! |
inn| <24 (2.5). ' H

200 400 800

m,, [GeV]

Very good
control of the
dominant ZZ
background

M(41)>160 GeV
Data 380
MC 364.5

Clean signal peak at

o(pp —ZZ, 8TeV) = 8.4+1.0 (stat.) = 0.7 (syst.) = 0.4(lum.) pb

~126 GeV

IST 2013, CMS physics highlights, J. Varela | Ogy(th) = 7.8 = 0.6 pb
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Kinematic discriminant

CMS preliminary Ys=7TeV,L=51fb" ys=8TeV,L=19.6fb"

x 0.9
0.8 0.8
0.7
0.6 0.6
0.5
0.4 0.4
0.3
0.2 0.2

?00 110 120 130 140 150 160 170 180
m,, (GeV)

Data and signal expectation
for my = 126 GeV

Kp :[1+

Kp

Matrix Element Likelihood Analysis:
uses kinematic inputs for signal to background discrimination

{mll mzleyezle*lq)lq)l}

Pbkg(ml, mao, 91, (92, (I), (9*, (I>1|m4g) -1

Py

sig

CMS preliminary Ys=7TeV,L=51f" ys=8TeV,L=19.6fb"

0.9
08 0.8
0.7
06 0.6
0.5
0.4 0.4
0.3
0.2 0.2

200 300 400 500 600 700 800
m,, (GeV)

Data and background
expectation

(m1, ma, 61,02, @, 0%, 1|muay)

For the signal use a fully analytic parameterization
« For the background use a simulation of the process qq — ZZ/Zy

K, distribution is similar for
different signal models:
Jo=0% 07,17, 1%2% 00 2% meg
Several parameterizations
of matrix elements have

been studied with similar
results
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Results

Swr N A\ T . | |
g 10'25 : Untagged (0/1 jets) and tagged (2 jet)
318@ categories are used to measure the
Q 10-55"'? W _“—E couplings
O .5 F ol
10 77777 Jifiiiiiiiif.:jliii‘}l*&;
107 3 o
10-8 Obsarved m \s=7TeV,L=511b" {s=8TeV,L=19.61b" 120MSPreIiminary \s=7TeV,L=5.116" {s=8TeV,L=19.60"
9L Observedm‘l,K relimina =125, ” T
11()(.)1 0 Observed m:: K:, p /m, orV, e Y mH e = 1 0 :_ . 68% CL —
10" Vo Expected | 8- [losweL
10" & | : ""-.‘ CMS Preliminary § 6 * bestiit :
10 LY HozZo4l - +SM
104 W E=TTeV,L=541" ; ar
10" T Chuk A otk A S J  Untagged 2 .
10‘16E | | | | | L1 1 I‘i"l 1 I.I‘I | | | ] 11 I.:Ifl L 111 | L1 11 0-:_. .............. .
110 120 130 140 150 160 170 180 -
my, [GeV] 2F E
Dijet tag -4,_ R
6 _ E
p-value Expected: 7.10 ] e
Observed: 6.7 0 s He

o/oSM (m=125.7 GeV) = 0.92 = 0.28
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

Resul’t H—yy

®

A - Y

HIG-13-001

vﬂ IST 2013, CMS physics hidhlights, J. Varela _ 21
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Signature:

« Two energetic and isolated photons

* Narrow mass peak on top of a large
steeply falling background

CMS Preliminary
Simulation

—E*a— Simulation

Parametric model

BDT,, >= 0.91

Events / (0.5 G@V )

—— O = 1.36 GeV

—_

5

FWHM = 2.99 GeV

Relevant aspects:

» Photon identification/ background rejection
* Di-photon mass resolution

« Background estimation

* Primary vertex determination (pile-up!)

05

IST 2013, CMS physics highlights, J. Varela 22



H—yy analysis

« Two inclusive analyses:
MVA: photons selected with a BDT. Variables in the BDT: photon kinematics,
photon ID MVA score (shower shape, isolation), di-photon mass resolution.
4 MVA categories with different S/B
- Cut-based: photons selected with cuts. 4 categories based on: y in Barrel/Endcap,
(un)converted y. Each category has different mass resolution and S/B

« 3 VH channels (e, u and MET tag) + VBF (2 dijet categories)

MC 53 Hgg 125 GeV (s =8 TeV L = 19.62 fby”

S 25F = cuonrusen | Output of the MVA validated using Z—ee
S [ =w ‘X (where e are reconstructed as y)
E 20 T EEE |
[0] | B D Shape Systematics ks | C
® - | 90000 - —— Data (19.6fb )
E 151 | 80000 §_ [ ovsetsToLL Mc
- - 70000 E- MC with idmva20.01
10 60000 -
- 50000 -
St 40000 |-
y 30000 |-
O - }(
-1.0 -0. . /2 1.0 20000 |8
] 10000 B
MVA event Categories 0 8 06 04 02 0 02 04 06 08 1

di-photon BDT output
IST 2013, CMS physics highlights, J. Varela 23
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H—yy: results (p-values) il
YY' L 1 P
MVA Cut-based
CMSN\s=7TeV,L=5.1f"\s=8TeV,L=19.6 " 1 EMSNs =7 TeV, L =5110 9.6 fb
D 1 L I R IR L L B L B B B B BB B ()] E‘ L L L L L B T ‘E
E E. " 1 ‘_.A_ E 2 = .-‘,‘ ;." i \
g M-t A o ot / to
Q107 L \ ; I | SR To Rl LU A I — E
© . o] AT g o - LR s
g SR 120 8 - H 120
I R A I
i "":30 :'u x"x :30
10-3 ? \-] B ! é 10-3 ? '~~‘~~ < "’,' é
E.Q CJVIS prermlnary . i \.\ ______ CMS preliminary -
R .o === H—>yy Obs. | T & —— H—>yy obs. |
1 0-4 ? \\ ''''''''' = Exp. for SM H E 10-4 ? - Exp. for SM H E
- _f\s =7 Tev J4o A AN PP \s=7TeV ddo
I N \s=8TeV il S \s =8 TeV .
105HH‘\H“““““““““““““““‘ 105\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\\\\
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m,, (GeV) m,, (Gev)
Significance at 125.0 GeV: Significance at 124.5 GeV:
3.2 0 (4.2 exp.) 3.9 0 (3.5 exp.)

New data, new analysis: Significance decreased compared to the published results
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H—yy: combined mass plot ="

L =
MVA MVA
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wl i ] Untagged 2 B o
8 : 1 Untagged 1 i
£2000 s Unagged0|  lom-
.c%’ - i Dijet —
; : : Untagged 3 B > —
81 000 B B Untagged 2 B ﬁ R
+ B ] Untagged 1 B '\ —
U) I~ -1 —
< O—IIIIIIIIIIII|lll|llllllll_ Untaggedo||||||I||||Illllllﬂﬁllllllllllll
n 110 120 130 140 150 6 -4 2 0 2 4 68 sF, 19 12
mYY (GeV) estFito Oy
: . +
Each event category is weighted by S/(S+B) 7+8 TeV:

only for visualization purposes

ology at 125.0 GeV = 0.78 *0-28
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CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012
Run/Event: 191721/ 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815

HIG-13-003
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H—- WW — Ivlv

A
:é!l

ol ([

IST 2013, CMS physics highlights, J. Varela

« Channel with very high 0.BR

« Clean signature:

— 2 isolated, high p; leptons with small
opening angle

— High Missing E;

— Analysis performed on exclusive jet
multiplicities (0, 1, 2-jet bins)

— Different Flavour, Same Flavour
leptons

* Discriminant Variables:
- pis My, My, Ad
— VBF selections for the 2-jets case

* Cut-based and Shape analysis

good sensitivity to spin
small opening angle between leptons
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H -WW-lvlv: backgrounds

All the backgrounds are
estimated from data
In “control regions”

* Drell -Yan: Suppressed by M,
and Missing E; cuts

«  Wh+jets (with one jet faking a
lepton): lepton ID is important

 Top (tt and single top): b-tag
veto (or additional soft muon)

«  WW: M(ll), My and A¢

IST 2013, CMS physics highlights, J. Varela

events / 10 GeV/c?

data/ MC

L B
mII (0 jet DF)
: L L L L L L L I LI I LI I I :
350 « data — m=125GeV  CMS Preliminary—]
- Ml H125 [ W+jets (s=8TeV,L=195f" ]
300;_= . f§=7TeV,L=4.9ttr‘_;
- N Ojeten -
250 - -
200 f_ Clear _f
- excess .
150 =
100 |- -
50 | _:
B e ]
N *ty ’
oF ]
25
HENERAR
. N\
1 —mM?w\m}*\N \
0.5

0

100
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H -WW-—lIlvlv: results
L 1 P
102 5 ® 30r -
= CMS Preliminary — Observed ] CC) | CMS Preliminary oo Expected
- \s=7TeV,L =49 fb" — —— Median Expected . o - Ne=7TeV,L=40f" == Chsarved
| \s=8TeV,L=105fb" ] QO o[ Vs=8TeV,L=195fb — Injection m =125 GeV
| H—-WW—2I2v 0/1-jet [ expected - 1o | = H—=WW—212v 0/1-jet M
|:| Expected = 20 E - Injection + 1o
10 Injection m =125 GeV = 1o o |:| Injection + 2¢
%)

N
o

95% C.L. Limit on o/og,,

‘IlllIlllllllllllllllllllllll

151 ;
: -
- 10
107 E 5
SIS EUUTTIUN T A P T
100 200 300 400 500 600 ol
my, [GeV] 100 l 200 300 400 500 600
Large excess at low mass compatible my, [GeV]
with the expected Higgs signal Significance at 125 GeV:
ology at 125 GeV = 0.76 = 0.21 4.0 5 (5.1 expected)
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HIG-12-0563
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H — Tt analysis

* Reconstructed t decays: e, 4, Ty,,4

« Categorize events based on number of jets and 7 p; (VH,
VBF)

« Template fit to m« shape

Z—tt Embedding: . oW Prefiminay, ¥s o8 oy Lo o Wijets

Z—uu data, replace u > e | —e— observed 1 Shape from

with simulated 7 decay g 2500 " O 2o 4 simulation
Normalization from & | 1/ Normalization from
Z—uu data control region

Syst: 5% % Syst: 10-20%

QCD

SS data, corrected
for SS/OS ratio
Syst: 10%

0 50 100 150 200 250 300 350
M., [GeV]
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dN/dm., [1/GeV]

Tt mass spectrum

T |
5><H(1 25 GeV)—>‘|:1:
—e— observed
1 |et highp, Cz-w
@ clectroweak

=+
QCD

0 100 200 300

m_ [GeV]
cms Prellmlnary, \/§ 7 8 TeV L 24 3 fb’

— 50 T |

>  FE 5><H(1 25 GeV)—>rt
8 45 _MT —e— observed 3
o 2 jet (VBF) T zow E
= 40F - electroweak -
g': asE : = teo 3
D F 288338 bkg. uncertainty 3
k=] E E
E 30F 3
© asF 3
20F E
1.5 F E
1.0 F E
05F E

0.0 E P I
0 100 200 300

m_ [GeV]
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>
)
g 1000
st
l_?
£ 800
3
pa
T 600
o]
Q
S
5 400
=
200
Q
{p)
0

CMS Preliminary, Vs =

7-8TeV, L=2431b"

- - - - 40
e-11,€~T ,U~T ,Tp"Tp

a5

20

—@— Data - Background

Bkg. Uncertainty
2 SM Higgs (125 GeV)

—&— (Observed
2 SM Higgs (125 GeV)

] z-w 4
— T -
B <lcctroweak i
I ele}n) —

200
m,_ [GeV]

300

Combine the sensitive categories of all
channels with a S/B weight
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H — tt results

Local p-value

%
o )
E %

T L AN WES—. L p-value expected
5
107
1 0-8 1 1 1 1 1 1 1 1 1 1 1 1 1 1
110 120 130 140
m,, [GeV]

ignificance:
2930 @ mH =120 GeV
2.850 @ mH =125 GeV

Signal strength:
u=11x204
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CMS Preliminary, ys=7-8 TeV, L=24.3 fb",
~—~ 4.0 L | L] L] L] I L] L] L] L] I L] L} L} L}

-

c —e&— observed

= 35 — H(125 GeV) expected
g

1 £ 1o expected
+ 26 expected

H—tt
L] L]

All Tt channels combined:
m, = 120%9_, (stat+syst) GeV
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« 2 central b jets plus V (W, Z) decaying into leptons

« Background from V+jets, VV, top+X

* Improved dijet mass resolution

 BDT shape analysis: jets and V kinematics, b tagging

”
D @
2
Jew / IR
Y L
(] ©@—>» @ _
~~~~~~~~~~ -
z Te.
.""‘. v
Jet
3 @
HIG-13-011 £

HIG-13-012
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Dijet mass distributions

'!?"'
1

n
i P

ol /] ([

All channels combined

Lr) T T T T I T T T T | T T T T I T T T T I T T T T |_
g 500 - CMsS Prellmmar)_'1 é \[/)ﬁ'?ms P ]
@  (s=7TeV,L=501b — A ]
= - (5= 8TeV,L=19.01b" = %488, -
= B _ b Sc ]
s sooF- pp — VH; H— bb =T B
Q — 4 —
= - _
S - N
(0] - _|
= 300_— ]
200 —
100 -
0; 2=0.217 K_=0.991
o 2F WEEIRET EZ]MC uncert. (stat.)
S15E
3F
(] 15
005 =
0 50 100 150 200 250
M, [GeV]
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All backgrounds, except VV, subtracted

80—

weighted entries / 15
(o))
=)

CMS Preliminary
Vs = 7TeV, L =5.0 fb’

(5= 8Tev,L=10.0b" M VH(125GeV)

pp — VH; H— bb

® Data

17

Sub. MC stat. uncert.

[ | | | |

~——— Visible MC stat. uncert:]

| | | — |

| 1 1 1 | 1 | 1 | | 1 1 1 | | | | | 1 | 1 | 1 | |_

50 100

150 200 250
M- [GeV]
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VH —bb results

(o) ET T T H

=2 = 3

© B e i
? 1 _10

510N

(_(g = J

o 10%F T E

— S :
3 —po

107E CMS Preliminary

- /s=7TeV,L=5.0fb" .

104 L /s=8TeV,L=19.0fb" _

= VH(bb), combined =

5 __ —e— Observed __

1 O g ---@--- Expected from SM Higgs g

10‘6 ] l L l l I l l l l | 1 l 1 l I 1 1 1 1 I 1 1 1 1 |—
110 115 120 125 130 135

my, [GeV]
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(s=7TeV,L=5.0fb" {s=8TeV,L=19.01b"

CMS Preliminary my =125 GeV

Combined
p=1.00+0.49

Z(vv)H(bb)
n=1.04+0.77

Z(I"H(bb)
=082+ 0.97

W(lv)H(bb)
w=1.11+0.87

I  E—
Best fit c/oSM

At 125 GeV:
Significance= 2.1c
u=1.0%£0.5
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Higgs properties

IST 2013, CMS physics highlights, J. Varela

HIG-13-005
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Hozz |7 Femned i H >ZZ>4:

— H—2Z | Mass estimation with m,, KD and o(m,,)
Very small systematics due the very good
control of the leptons scale and resolution:
4 my=125.8 % 0.5 (stat.) 0.2 (syst.) GeV

10

H 2>yy:

Systematics on the extrapolation from the
1 Z2eetoH>yy (0.25% frometoy, 0.4%
4  from Zto H):

_ N W B~ O OO NN 0 O
T 7T T [ TTTTrrrT TIIT T[T TTT|]rrrT UL L

NN\ 1 m,=125.4 £ 0.5 (stat.) £0.6 (syst.) GeV
124 126 128

()

m, = 125.7 £ 0.3(stat) & 0_3(syst) GeV
=125.7 £ 0.4 GeV

IST 2013, CMS physics highlights, J. Varela
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Consistency of signal with SM

\

2
4!“

__
i P

[/

"

u signal strength: ration of c.BR measurement and SM prediction

Combined
1=0.80+0.14

Untagged
u=0.78+0.16

VBF tagged
w=1.02+0.34

VH tagged
w=1.02+0.49

ttH tagged
p=-0.15+2.86

\s=7TeV,L<5.1f" {s=8TeV,L<19.6fb"

CMS Preliminary m, =125.7 GeV
12=32 (p, =052)

-4 2

0

2
Best fit O'/GS

4
M

Is=7TeV,L<5.1fb" \s=8TeV,L<19.6fb"

Combined
1u=080+0.14

H— bb (VH tag

H — bb (ttH tag
H— vy (untagged
H— vy (VBF tag
H— vy (VHtag
H— WW (0/1 jet

H— WW (VH tag
H— 1t (0/1 jet

H — t (VBF tag
H— 1t (VH tag
H— ZZ (0/1 jet
H— ZZ (2jets

CMS Preliminary m, =125.7 GeV
1?=62 (pg, =094)

1 1 Il I 1 1 1 I 1 1 Il l 1 1 Il

)
)
)
)
)
)
H— WW (VBF tag)
)
)
)
)
)
)

4

u=0.80+0.14
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4

2 0 2
Best fit o/oSM
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Couplings to bosons and fermions ==
« LHC XS WG benchmark models:
— Fermionic vs bosonic couplings modifiers: Ky, K;
— Search for asymmetries: Az, Ay, Ag
— Search for new physics in loops: K, Kk, BRggy
gmgaypli[r]ga (tgw\{/: and F Custodial symmetry
Z | 0 SMHiggs @ Fermiophobfc O Bkg. only 5.0 cwms f’rflfr?i?a}ryl'.|‘sl=l7=Tle\l/,lLls|§.1l flb;1‘\'lsl=|8‘|1]ey,lLlsl1|9|‘6|flb'l'_
2 i ] E 4 55_ \ — Observed ]
_ 5 < T f ---Exp.for SMH ]
i Al 4.0:— T =
157 Y E
: 3.0p -
’ i 2.5;— =
i 2.0F E
_ 1.5F =
| 0.5/ £
0B—— l 0.0 05 E R Y S— 2
0 0.5 1 KV1.5 .
Ky [0.81, 0.97] @ 68% CL .
IST 2013, CMS physics highlights, J. Varela
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CMS Preliminary {s=7TeV,L<5.1fb" ys=8TeV,L<19.6fb"

2.0 e e e : | 5.0 e e :
“ - | cC ; — Observed ;
1.8 - — 4.5 =
i . < ; ----Exp.for SMH [
1.6 ] (QV 40:— y s
1.4 - 3.5) -
12 . — . - 3.0F / 3
1.0k PN . 25F -

0.8 N N . 2.0F BRgsw 9 0.52
L N L § s ;! i

06| e = 5 @ 95% CL

0.4—_ ............... —: 1.0; Il ;
0.2} - 0.5) 3
O. _llI|lll|Illl||lll||lll||lll|||ll|||ll||— :-I‘l’l—lflllll [llllllllllllIll]l[llllllllllllllll:
0.0 0.5 1.0 1.5 2.0 0002 04 06 08 1
KY BI:{BSM
Effective couplings to gluons and Loop-induced couplings free

photons. (x, , K, profiled).
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Summary of couplings

[s=7TeV,L<511" \s=8TeV,L<19.6fb"

CMS Preliminary

W 68% CL
== 95% CL

i

K p,,, =012
| - I 1 11 | ! | | I | | | | I | -

o 05 1 15 2 25
parameter value
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[s=7TeV,L<51f" \s=8TeV,L<19.6fb"

CMS Preliminary i 68% CL
' == 95% CL
KV -I-
—————— -m.nnm.mm.m.mm.mm.nm.:mnm.mn.mmw.um.mm.-ﬁMuwuu—
*l
| . L)
}\,d —'*— %_I
----- U_ ----—-------IF--—-—------ESM:EEQ— <
: I
L e
| B e e — Ta=049] ©
K'Y *l _
------ H-“"-ﬂm:“:m"-“M.“MIh-"Mvﬂ":“m-"-mm-ﬂﬂpﬁu;rggiF------
BRBSMT—— p,,, = 041
IIIlIlllllIIIlIlllllllll

0 05 1 1.5 2 25
parameter value
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Spin-Parity: 0* vs O

Events

P
» Kinematic Discriminant : D ,=Pg,,/(Ps),+P,p)
- Second observable: Dy, = Py /(P + Py) H - ZZ0) — 4]
P,y and Py, include the m,, parameterizations
* Likelihood fit of events to 2D distributions (D e, D)
CMS preliminary \5=7TeV,L=5.11b"\s=8TeV,L=19.6fb" CMS preliminary ys=7TeV,L=511f" ys=8TeV,L=19.6fb"
7:“"I""I””I””I""I""I""I””l””l”"‘: " LrrrrprTrT T T e e Ty
e 1§ O The distribution of the likelihood
O o P m 126 Gov | £ ratio g = =2In(L /L) is
5o [zzzy 1 % 008 obtained with generated
- Bz 13 samples of background and
4r . § 0.061 signal of seven types (SM 0*
3_ I | ] al| and six JP) for m,;=126 GeV.
ol jial 1 oo _ More JP
2 BT & '1'1 E : 50.16%  hypotheses tested
I | 1_[ 0.02 i CL,
b =% : - 0~ | 0.16%
0 01020304 0506070809 1 0G0 ™% 0 0 10 20 30 OflL 8.1%
Dy 2L, /L) 2o | 15%
; - 2t | <0.1%
The data disfavours 0- (pseudoscalar) hypothesis with 1_W <01%
a CLs value of 0.16% 1+ | <01%
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— | 1
. ity: 0 * g:g‘
Spin-Parity: 0* vs 2 == l'

CMS preliminary ys=7TeV,L=51f" ys=8TeV,L=1961b"
||Illllllllllllll||||||||||

+ : 2 o4k vy 1
CLs values for 2*_(99): 2 o =S '
Observed results at measured u £ o0 —OMSdata
ZZ WW Comb g
14%  14% 0.6% - 008 E
0.04 .
 WW: observed results weaker than i
expected due to best fit y < 1 0.02]- ]
« /ZZ: observed better than expected T T R
due to a fluctuation 2xInlL,. o ILy)

The data disfavours 2*_(gg) hypothesis with a CLs value of 0.6%

The observations are compatible with SM Higgs expectation (scalar)
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Jets, vector bosons, top



S
3-jet to 2-jet cross section ===l
First determination of ag at momentum
scales > 0.4 TeV
— Comparing the ratio in the range 0.42< <pq; ,>
@ (x <1.39 TeV to the predictions of perturbative
QCD at next-to-leading order
— Measurement dominated by TH uncertainty:
PDF & scale
+0.0050
as(Mz) = O 1148 + 0 0014(exp ) £ 0.0018(PDF) " yooo(scale)
n:02; oms 4}] - O o248 T o —
S S : CMS Ry : oM )0.11480
0.18 antik;R=0.7" 3 - 3 0.22 CMSR,, =
016; : i O 2; i i ZZ ?:;Tia:ecj::ilation _;
0.14[- e 0181 Hi E
- e 0.16 zeus =
0.12- B - - -
. 0.14:— E
0.1 E 0.121- =
0'08} gizaot;"('n; ;Sf(::?o-lvlin.Value i 0. 15— _i
006 | CT10 4 - 0130 - M. Voo ] 0.08 -
00405 06 600 800 oo 1200 faon T
IST 2013, CMS physics highlighp. ) V4&aV) QC@ 11- 003 10? 10& (GeV)
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Vector bosons

W, Z, WW, and ZZ cross sections at 8 TeV
(Special Low PU runs used for W,Z at 8 TeV)

"

~ N

CMS
a E | g | E
& — i W E § 7 TeV CMS measurement (stat®syst)
o1 05 ;_ i | Z é $ 8TeV CMS measurement (stat®syst) _;
DQ = | == 7 TeV Theory prediction E
- 2] _O_ ! ——— 8TeV Theory prediction ]
S 10*k ™ =1] ! —
= | 2 o | | | =
o = = =2 . i : : .
O 10’k | 23 | o Wy 5
) = > | g L 3
4 - i, =) e s s L
= : i l WW | i C ]
S 102k | | T : | | 5
c E T g = wz ]
3 10 [ Er >30 GeV | El>10Gev | o =N |
3 = | In® <24 | AR(y.)>07 5 o 5

o - | : 5 s = SMP-12-011

- g ) s . laew' ., aem' SMP-12-013
- 36, 19 pb ! 36 pb ! 35 fp" 11fb 53 fb" 3

| = = i SMP-12-014

JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010 (W2)
JHEP01(2012)010 CMS-PAS-SMP-12-005,
CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007,013, 014 (WW Z2)
Measured o (ZZ)=8.4 £ 1.3 pb Measured o (WW) =69.9 £ 7.0 pb
SM (NLO) o (ZZ) = 7.7 + 0.4 pb SM (NLO) 6 (WW) = 57.3 + 2.0 pb
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V + heavy quarks

TP
W+c production with exclusive charm W+bb and Z+bb cross section
tagging via full reconstruction of D%, D*, measurements:
and semileptonic decays ¢ oxBr(W—-uv)=053+0.12pb @ 7 TeV
Direct access to the strange-quark PDF (pr>»> 25 GeV), in good agreement with

W NLO prediction of 0.52 + 0.03 pb
gluon « oxBr(Z—Il)=0.36 £0.07 pb @ 7 TeV

Tmc 9 (P°> 25 GeV) SMP-13-004
SMPZ;AZS%-IOOZ : 5 fo! atys = 7 TeV CMS Preliminary V=7 TeV

T T T T T T T T T T T T T T T T T T 220__I T I LI I | I LI I | LI I B | I LI I B | I_-

iy

g
o = ® Data
Total Uncertainty G 200 _—J. Ldt=5M [ Jwsbb —
CMS 2011 o - Bl W+cc
Statistical Uncertainty 84.1£2.0 (stat)+ 4.9 (sys) o 180 I W+c -
~ C [ WH+ij
» 160 E tt -
MSTWO08 c C t/1
. 78.7 +14 1 o 140F EmacD -
L. > C Bl ZijetsVV ]
Ww 420 — MC Uncertainty]
oCT1 (3-5 , -—— 100 :_
87.372; oo -
80
782433, 00 :_i
40
ANNPDF23_, — 20F
102.7 + 11.8 of
N R R R I L P 50 100 150 200 250

0o 20 40 60 80 100 120 (J +J,) [GeV]
IST 2013, CMS physics highlights, J. Varela W *©) [Pb] SMP-12-026 48



* First-time ever observed !
« Benchmark for VBF Higgs searches

« Dominant background from standard DY production
- BDT discriminant used to extract the signal

o =154 +24(stat.) = 46(exp.syst.) = 27(th.syst.) = 3(lumi.) fb

meas, uu+ee

210~ T T T T T T — 210’ T T T T T E
g - CMS prelilminary | i | K | g £ CMS preliminary eejj ' Ew:( 3 _
Z #[\Ns=7TeV,L=5.1fb" ooy ] Z L [\Ns=7TeV,L=50fb" ooy | Agreement with NLO
? =27 - =72 7 prediction (o o=166 fb,
10° 3 ‘e Data only_g 10° 3 ‘e Data only_g VBFNLO, CT1 O)
e . MM]J o . eel) -
- ’ . - * . ]
10 = 10 3
A by T TeV
1= = 1 [l
O 18 O 18 :— : ' : ]
S 16 S ”:w" H S sl - = ¢
PieE=l =1 FSQ-12-019
e e ——— SR R . g0 T ; — o @O I
HEE R % !
0.4 . ; ; ; ; ; 0.4 i i h i i
-0.4 -0.2 0 0.2 0.4 0.6 -0.4 -0.2 0 0.2 0.4 0.6

BDTD output BDTD output 49
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Anomalous TGCs

"

~ N

Z(vv)y cross section: A&

o =213+ 4.2 (stat.) =
4.3 (syst.) £ 0.5 (lumi.) fb
V2

In good agreement with the theoretical

prediction of 21.9 + 1.1 fb (BAUR). aTGCs in CMS:

q v
orbidden i SM EWK-11-009 (Vy),
orbidaden in SMP-12-015 (WW,WZ)
_ SMP-12-007 (Z2),
Z(ee, uu, vv)y combined: SMP-12-020 (Zy)
3 -3
%VO -05 ?’1(') I e Eﬁ- i<|1()\ LA L N I N L I B B B B 7
L CMS Preliminary ~ 95% CLs Limit on h% and h? 3 0.05 cMS Preliminary  95% CLs Limit on h} and h}
0.04 [~ — Observed 0 -] E —— Observed E
E e Expucted det=5.0fb Ns=7Tev ] 0045 - Bxpucta det:S.Ofb'l,\@=7TeV =
0 '035_ i :; Z(eeiuw,vv)y Combined _E 0.03; i :; Z(ee uuvv)y Combined é
002t : E 0,02} =
0.01F 0.01F y \ ]
0F oF 3
001E 0.01F 3
L N E ]
-0.02f E 0028 E
0 03; aTGC values outside contour excluded ] 0 03:_ aTGC values outside contour excluded 7 SM P - 1 2 -02 0
-0. = | P I ] '

1 | 1 1 1 Il 1 | 1 Il 1 J 1 Il 1 | 1 Il 1 | 1 1 1 ‘ 1 1 1

0.004 -0.006-0.004-0.002 0 0.002 0.004 0.006
h% h,

_ o 3 3
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Anomalous TGCs (cont.)

Feb 2013

Charged TGCs

T T ] T T T T T .1 l T T T T
ATLAS Limits —
CMS Limits —
DO Limit o+
LEP Limit (=l
Ak ! | Wy -0.410 - 0.460 4.6 fb™
Ky Wy -0.380 - 0.290 5.0 fb™!
—_ WW -0.210-0.220 49 fb™
. WV -0.110-0.140 50 b
——— DO Combination  -0.158 - 0.255 8.6 fb™!
—o— LEP Combination -0.099 - 0.066 0.7 fb™
A — Wy -0.065 - 0.061 4.6 fb™
Y — Wy -0.050 - 0.037 5.0 fb™
— wWw -0.048 - 0.048 4.9 b
— wv -0.038 - 0.030 5.0 fb™
kA DO Combination  -0.036 - 0.044 8.6 fb™'
- LEP Combination -0.059 - 0.017 0.7 fb™
1 1 | 1 1 L 1 1 L 1 1 1 1 1 1 1 1 L 1 | 1 L 1 1
-0.5 0 0.5 1 1.5
aTGC Limits @95% C.L.
Feb 2013
T T N T T T T T T T T T T T T l T A+LAé Lil"T\i(Sl T T '_I‘ T
CMS Limits —
DO Limit. o
LEP Limit e+
Ak — WwW -0.043-0.043 4.6 b
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Top quark mass and X-section

Top quark mass

CMS Preliminary

¢ 55146146

(val. £ stat. £ syst)

CMS 2010 dilepton
JHEP 07 (2011) (L=36 po’)

e ]
CMS 2010 Ieptonﬂets 1731£21£27
PAS-TOP-10-009 (L=36 pb") (val. £ stat. £ syst)
CMS 2011 dilepton 2 172504115
arxiv:1209.2393 (L=5.0/fb) (val. £ stat. £ syst)
CMS 2011 lepton+jets = 173.5£04£1.0
ariv:1209.2319 (L=5.0/b) (val. £ stat. £ syst)
CMS 2011 all-jets ' B 173510713
PAS-TOP-11-017 (L=3.54/fb) (val. £ stat. £ syst)
CMS combination B 1734£04£09
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===

1732106108
(val.  stat. £ syst)

Tevatron 2012 combination
ariv:1207.1069v2 up to 5.8/

CMS combined result

| l | I | I

160 165 170 175 180 185
My, [GeV]

my,, = 173.4 £ 0.4 (stat) £
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Single top quark production

t-channel single top quark production
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Campbell, Frederix, Malloni, Tramontano, JHEP 10 (2009) 042
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NLO+NNLL QCD |
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Kidonakis, Phys.Rev.D 83 (2011} 091503 1
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« Top events in dilepton channel

« Requires good understanding of b-tagging
efficiency and ISR/FSR background jets

« Background estimated from data

R =1.023"¢3 (stat. + syst.)
IfR<1 -R>0.945 @ 95% CL

R -2 |V, | with the B(t — Wb)
assumption of CKM R= S B(1— W) =V, [
unitarity and 3 generations ot

| b| =1.011707% (Stat. + syst.)
if [V,|<1=]v,|>0972 @ 95% CL

The most precise measurement of R and the

most stringent direct lower bound on |[V,,|.
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W polarization in single top events

First measurement in single-
top events (u+jets)

Helicities obtained from
likelihoods with reweighted
signals.

— Helicity fractions and W+jets
contribution simultaneously
extracted.

Consistent with the SM and
with the measurement in ttbar
channels

F, =0.293+0.069(stat.) = 0.030(syst.)
F, =0.713+0.114(stat.) +0.023(syst.)
F, =-0.006+0.057(stat.)=0.027(syst.)

TOP-12-020

IST 2013, CMS physics highlights, J. Varela

CMS preliminary, 1.14 fb" at /s = 7 TeV
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The standard model and beyond

Standard Model

The astonishing brain power of
a certain ape species

At a Crossroad

Savas Dimopoulos, CERN Colloquium, Sep 20, 2012
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Higgs mass is a huge problem:

Miraculous cancelations are needed to
keep the Higgs mass <1 TeV

Classical SM

2 2
mi, =(mg)o—

T 32p2
A+
612
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The connection to cosmology

"

Precision cosmology measurements give
strong motivations for new physics:

et Galaxies rotations, accelerating expansion,
i CMB uniformity, space flatness

) luminous disk

GaIaX|e§ qufatfcfn+

oy =

R (kpc)

M33 rotation curve

26 AR e, A
o4 o Supernova Cosmology Project »2: AngUIar Scale
I ® High-Z Supernova Search Wi adl 90° 2° 0.5° 0.2°
22' rnovae 6000 - . : T
o Calan/Tololo F
20 Supernova Survey
5000 F
04 06
18 5
X E
6 - =2 4000
N 13 Clél}
0.01 [0.02 0.4 0.1 '.,.v, i =~.3000 £
.;'7’ ®) E
22 Accelerating - ' = E
Universe > + 2000 £
~ o
= :
21 Decelerating — F
> Universe 1000 £
20 & . . . : A E . 3
0.2 0.4 0.6 1.C O' 1 1 N I I | 1 1 1 1 1 1 1 1 |
redshift 10 100 500 1000
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« Relatively light stops are needed for naturalness

« Search for stops and sbottoms in gluino decays
— In natural SUSY the gluino cannot be too heavy

— |If the other squarks are very heavy, then the gluino will decay
into sbottoms and stops with high BR

« Search for direct stop and sbottom pair production
— To close the loophole that the “gluino is too heavy”

IST 2013, CMS physics highlights, J. Varela
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gluino->stop searches

Assumptions:
my > Mg

BR(§ — ttx)) = 100%

IST 2013, CMS physics highlights, J. Varela

LSP mass [GeV]

0-g production, g— tt Z?
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gluino->sbottom searches

Search for gluino decaying to sbottom then bottom quarks
and neutralinos

g-g production, G—bb 5{?

'_|1000IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

> - ST I I I I I ]

& F CMS I5reI|m|nary ]

§ 900 :— \/g =8 TeV —— Observed —:
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600 \ =
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400 ; =

300 ; =
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200 ! —

— SUS-12-028 0-lep () 11.7 fb™ : 7

SUS-12-024 100 T AR =
SUS-12-028 II?IIII‘IIII'IIII:

800 600 700 800 900 1000 1100 1200 1300 1400 1500
gluino mass [GeV]
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Direct stop and sbhottom pair production
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Single lepton + missing E

t —ty, and f —=> by — bWy,

CMS Preliminary Is=8TeV, det =9.7 fb"
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Search for RPV stop

* R-parity violation

— No stable SUSY particle - less MET than conventional SUSY
=3 leptons+b

— Including up to 1 t=>had

CMS Preliminary \s=8TeV,L =195 fb"

T | T T T T | T T T T T T T T T T T T | T T T T | T T T

[ Stop RPV A
1 2 122
00 observed 95% CLs Limits LLE122
—— Theory uncertainty (NLO+NLL)
------ expected 95% CLs Limits

- expected i‘Icexperimental

600

II|III|III|III|III|III|I1

II|III|III|III|III|III|

Excluded
400 region
200
SUS-13-003 700800 900 4000 4100 1200

m- (GeV)
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Models with decays SUS-12-022
into sleptons
* Trilepton + MET CMS Preliminary Vs=8TeV,L =9.2fb"
« Same-sign dllepto?s %' A, sler|)ton M A R RN
x T o S, gool- IMLEP2 C:arginf) limit B
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Models with decays into W i
and Z

« Z2U+1+MET

o 20+ W/Z>jet-jet + MET
* Four leptons
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Dilepton resonance search
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« Z' 2 ete-/utu-
 Data to almost 2 TeV, limits to
almost 3 TeV
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Events / 50 GeV

W’—tb search

Heavy W

— Predicted by little Higgs, extra dimensions, technicolor, etc

Lepton+jets+MET signature

Use W,t mass constraints to solve for neutrino momentum and

reconstruct W’ mass

CMS Preliminary, 19.6 fb™ at /s = 8 TeV

B2G-12-010

CMS Prellmlnary, 19 6 fb at \’s 8 TeV
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Monojets for Dark Matter
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Z’'SSM (ll) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) kM = 0.2

G (yy) kM = 0.1

G (Z(Z(qq)) kM = 0.1
W’ (lv)

W’ (dijet)

W’ (id)

W’— WZ(leptonic)

WR'’ (tb)

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm
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2 3

LQ2, B=0.5

LQ2, B=1.0

LQ3 (bv), Q=+1/3, B=0.0

LQ3 (bt), Q=+2/3 or +4/3, B=1.0
stop (b1)

Compositeness

b’ = tW, (3l, 2I) + b-jet

q’, b’/t’ degenerate, Vib=1
b’ = tW, l+jets

B’ = bZ (100%)

T — tZ (100%)

t' = bW (100%), l+jets

t’ = bW (100%), I+l

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., py, destructve LLIM
C.l., py, constructive LLIM
C.l,, single e (HNCM)

C.1,, single p (HhCM)

C.1., incl. jet, destructive
C.L., incl. jet, constructive

Ms, yy, HLZ, nED = 3
Ms, vy, HLZ, nED = 6
Ms, Il, HLZ, nED =3
Ms, Il, HLZ, nED = 6
MD, monojet, nED = 3
MD, monojet, nED = 6
MD, mono-y, nED =3
MD, mono-y, nED = 6
MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED = 2

5

LeptoQuarks

Contact
Interactions

Extra Dimensions
& Black Holes
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Outlook L—-lé‘l!!

« LHC achieved an astonishing performance in Run 1.

 CMS succeeded to meet all challenges, and to produce an
unprecedented wave of physics results (> 230 papers).

* Many new measurements with full proton-proton dataset
collected in 2011-12 (~25 fb-"). The agreement of data with
the Standard Model is impressive.

* Inthe H — ZZ(41) channel, a signal significance of 6.70 is
now observed. In H — yy updated results on the signal
strength, y= ao/og, ~0.8 £ 0.3.

« Two independent determinations of the Higgs mass:
125.84£0.6 GeV, in H — ZZ(4l); and 125.4+£0.8 GeV, in H — vy.
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Outlook (cont.) =i

The pure pseudoscalar hypothesis is excluded at 99.8%
C.L. and simple spin 2 models are excluded with greater
than 99.4% C.L.

Strong evidence is seen in H — tt channel (significance
~30).
These measurements strongly indicates that the new

particle is a Higgs boson, responsible for the
Electroweak Symmetry Breaking.

However they are still fall from the precision required to
rule out all BSM scenarios.

No evidence of new physics in the 7-8 TeV data (even if

we may still have surprises) creates a big expectation on
the LHC restart at 13 TeV in 2015.
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